Abstract: Objectives: Although physical activity ameliorates the metabolic impact of high body mass index (BMI), runners with BMI ≥25 kg/m 2 are relatively understudied.
Introduction
It is well established that a high level of cardiorespiratory fitness is associated with lower rates of mortality (Blair et al., 1996; Chow et al., 2016) and development of diabetes, regardless of body mass index (BMI) (Carnethon et al., 2009) . Although cardiorespiratory fitness has a strong genetic component , cardiorespiratory fitness has an established dose-response relationship to physical activity (Church, Earnest, Skinner, & Blair, 2007) . There has been particular interest in aerobic training effects on overweight/obese subjects, as this population is perceived to especially benefit. However, most exercise intervention studies in this population involve training sedentary participants (AbouAssi et al., 2015; Church et al., 2007; Timothy, 2009 ) while runners with high BMI ABOUT THE AUTHORS Seth Brayton was the lead trainer for TrainMeUp study group, led by Dr. Chow at the University of Minnesota. Dr. Chow's research interest is the effects of exercise on fat metabolism. This article compares differences in whole body fat levels before and after an acute run in high BMI vs. normal BMI runners.
PUBLIC INTEREST STATEMENT
This study evaluates whether changes in body composition from an acute run might be different in high BMI vs. normal BMI runners.
(BMI ≥ 25 kg/m 2 ) have been less well studied. This unique population (BMI ≥ 25 kg/m 2 ) is estimated to comprise roughly 25% of runners under the age of 40 (Williams, 1997) .
In individuals with a history of regular endurance training, fat oxidation is the primary fuel source during mild to moderate endurance exercise (Brooks & Mercier, 1994) . In the setting of endurance exercise training, body composition is generally compared before and after weeks of training (Schwartz et al., 1991; Wilmore et al., 1999) . In contrast, fewer studies have examined acute changes in body composition before and after an exercise bout. In active participants (n = 55, mean BMI~24 kg/m 2 ), acute strength training (~60 min) or cycling (~80-110 min) did not alter fat mass as measured by dualenergy X-ray absorptiometry (DXA); the act of acute exercise generally increased the technical error of measurement by 10% (Nana, Slater, Hopkins, & Burke, 2013) . A study in runners [n = 6 finishers, finishing time: 27 (2.3 h) (mean (SD)), n = 4 nonfinishers, finishing time: 16.7 (1.4 h), weight: 73.1 (14.1 kg)] examined body composition as quantified by DXA before and after a 161-km ultramarathon (HewButler, Holexa, Fogard, Stuempfle, & Hoffman, 2015) . Body mass did not significantly change pre-race to post-race whereas % body fat declined [−2.3% (2.8)]; the authors felt this was consistent with the racerelated energy deficit (~5,000-8,000 kcals) (Hew-Butler et al., 2015) . In another study, DXA-based body composition was measured before and after an Ironman triathlon [n = 8, BMI: 22.8 (2.6 kg/m 2 ), race duration:11.27 (1.24 h)] and reported decline in fat mass by −0.4 (0.3 kg). In contrast, % body fat did not significantly change; this apparent discrepancy was attributed to the decline in lean mass post exercise (Mueller, Anliker, Knechtle, Knechtle, & Toigo, 2013) . To date, the literature on DXA measured change in fat mass from an acute exercise bout appears modest. However, these studies enrolled normal weight active participants and did not report changes in visceral fat, which has high metabolic relevance (Giannopoulou et al., 2005; Johnson et al., 2009; Rheaume et al., 2011; Wajchenberg, 2000) . Therefore, the current study has two goals: (1) to identify differences in body composition, as measured by DXA, between overweight runners (OWR: BMI ≥ 25 kg/m 2 ) and normal weight runners (NWR: BMI < 25 kg/m 2 ) and (2) to examine whether changes in body composition, as measured by DXA, during a prolonged (90 min) run differ between OWR and NWR. We hypothesized that OWR would have higher total body fat than NWR and OWR would have greater changes in visceral fat during a prolonged run.
Methods
We recruited runners with NWR and OWR who were otherwise healthy, with the goal of examining body composition, measured by DXA, before and after a prolonged run (90 min) at 60% heart rate reserve (HRR). Each subject had two visits at the University of Minnesota campus. At the first visit, we measured baseline fitness and established HRR during a maximal aerobic capacity (VO 2max ) treadmill test. The second visit involved a prolonged run for 90 min at 60% HRR with body composition measured by DXA before and after the run. The University of Minnesota's Institutional Review Board (IRB) approved the study protocol and methods. All participants provided written informed consent before study participation. The clinicaltrials.gov number for this study is NCT02150889.
Participant recruitment
Participants were recruited from the Twin Cities area between July 2014 and April 2017 using fliers, online advertising, and email distribution through local running groups. We preferentially recruited participants from recent running events, to ensure that they could complete a prolonged (90 min) run. Inclusion criteria included (1) age 18-40 years and (2) regular aerobic exercise, preferably running, at least 3-5 sessions/week. Exclusion criteria included (1) selfreported clinically significant medical issues (for example, diabetes, cardiovascular disease, and uncontrolled pulmonary disease), (2) abnormal electrocardiogram (EKG) indicating cardiac disease (study EKG performed), and (3) current pregnancy (screening pregnancy test performed). We recruited with the goal of similarity in age and sex between the two groups. This is a clinical study in healthy lean trained and overweight trained humans where a DXA scan was obtained pre and post an exercise bout. Four comparisons were made: (1) NWR vs. OWR preexercise, (2) NWR vs. OWR post-exercise, (3) NWR pre-vs. post-exercise, and 4) OWR pre-vs. postexercise.
Fitness assessment
Fitness was assessed at the Laboratory of Integrative Human Physiology (July 2014 to March 2016) and the Masonic Clinical Research Unit (March 2016 to April 2017) at the University of Minnesota. Height and weight were measured using a portable stadiometer and digital scale. Resting blood pressure and heart rate were obtained using an automatic blood pressure monitor (Colin PressMate BP8800C, Colin Medical Instruments Corp., San Antonio, TX, USA), after the subject had been seated in a quiet room for 5 min. A 12-lead EKG was obtained at rest and reviewed by a licensed medical professional (physician or physician's assistant) before exercise testing.
Participants were instructed to refrain from intentional exercise for 72 h before the first visit. Participants were also advised to eat a light snack 2-3 h before testing. Maximum oxygen consumption (VO 2max ) was evaluated by indirect calorimetry using one of two metabolic carts, either at the . The NWR participants were tested using a modified Åstrand protocol that began at the subject's self-selected race pace, which was maintained for the duration of the test (Astrand & Ryhming, 1954) . Each subject ran 4 min at 0% elevation, and then the treadmill increased by 2.5% in elevation every 2 min. The OWR participants were tested using the Bruce protocol (Bruce, Kusumi, & Hosmer, 1973) . Since the NWR participants were anticipated to be more highly trained than the OWR participants, the modified Åstrand protocol was selected to specifically insure achievement of VO 2max and establishment of the maximum heart rate to calculate the 60% HRR for the exercise bout. During the VO 2max test, each subject wore a mask for measuring inspired and expired air and heart rate was measured using a Polar Heart Rate monitor (Polar Electro Inc., Lake Success, NY, USA). Each test was reviewed for maximal output by examining that maximal heart rate (determined by age adjusted estimation) was reached, oxygen uptake plateaued, respiratory exchange ratio (RER) of 1.10 or greater was achieved, and exhaustion was communicated using rating of perceived exertion scale (RPE) (Borg, 1962) . To measure the capacity to do exhaustive work, we reported VO 2max as ml/kg/min as well as ml/ kg lean mass/min.
Acute exercise exposure
At the second visit, each participant performed a prolonged (90 min) run at an intensity (60% HRR) conducive to fat oxidation (Egan & Zierath, 2013) . HRR correlates with VO 2max (Swain, Leutholtz, King, Haas, & Branch, 1998) and several studies have shown maximum fat oxidation during exercise occurring between 41-75% of VO 2max (Bircher & Knechtle, 2004; Romijn, Coyle, Sidossis, Rosenblatt, & Wolfe, 2000; Swain et al., 1998) . The second visit was scheduled at least 1 week after the first visit to minimize influence of the strenuous exercise from the VO 2max test. Participants were instructed to avoid intentional exercise for two days before the second visit. Participants arrived in the morning at the Delaware Clinical Research Unit at the University of Minnesota for the second visit after fasting overnight (at least 8 h). Height, weight, blood pressure, and pulse were collected using a wall stadiometer, digital scale and electric Colin Press-Mate 8800 BP Monitor blood pressure cuff (Colin Medical Instruments Corporation, San Antonio, TX). Blood was drawn at this time to measure insulin and glucose levels for calculation of insulin sensitivity, as estimated by HOMA-IR [(fasting serum insulin (uU/ml)*fasting glucose (mmol/l))/22.5] (Bonora et al., 2000; Matthews et al., 1985) .
For the supervised exercise bout, all participants ran for 90 min on a treadmill. The HRR was calculated from the subject's resting heart rate and maximum heart rate from the VO 2max testing. Each subject's run pace was initially selected by adjusting the speed and incline that achieved 60% HRR during the VO 2max , to keep all participants running at 0% grade. Heart rate was monitored during the entire run by study staff to maintain proper running intensity with Polar heart rate monitor and the Polar Beat Multi-Sport Fitness Tracker smartphone app (Polar Electro Inc., Bethpage, NY, USA). If heart rate fluctuated more than 5% HRR, study staff adjusted the treadmill speed in 0.2 mph increments until the target heart rate was maintained. Participants were offered free access to water during their exercise bout.
Body composition measurement
Body composition was measured immediately before and after the exercise bout. Body composition was measured by DXA scanner, the GE Healthcare Lunar iDXA (GE Healthcare Lunar, Madison, WI, USA), with enCORE software version 16.2. Participants were scanned by one of three certified DXA technicians using standard imaging and positioning protocols.
Because the exercise intensity was conducive to fat oxidation (Egan & Zierath, 2013) , our DXA measurements focused on changes in fat mass. Fat mass was measured in the following regions: total body, trunk, arm, leg, android, gynoid, abdominal subcutaneous, and abdominal visceral. Trunk fat mass included fat mass from the chest, abdomen, and pelvis region. Arm fat mass was calculated by summing fat content in both arms. Leg fat mass was calculated by summing fat content from both legs. The android region was defined as the trunk area approximately between the ribs and the pelvis. The upper boundary was set at 20% of the distance between the iliac crest and the base of the skull. The lower boundary was the top of the iliac crest. The gynoid region included the hips and upper thighs, overlapping both the leg and trunk regions. Visceral and subcutaneous fat were calculated from the android region. Subcutaneous and visceral fat were determined by examining the X-ray attenuation between the edge of the body and the outer edge of the abdominal cavity, as previously described (Kaul et al., 2012) . Visceral fat was calculated by subtracting subcutaneous fat mass from the android region fat mass (Kaul et al., 2012) .
Although participants were allowed free access to water before, during, and after the exercise bout, changes in lean body mass were not analyzed because of the potential influence of runassociated dehydration on results.
Statistical analysis
Descriptive data are expressed as mean ± standard error (SE) for continuous variables and N (%) for categorical variables. For pre-to-post run change (absolute or percent) within each group, we used a paired t test separately for each group. Comparisons between the OWR and NWR groups were performed using multiple linear regression, with pre-to-post run change (absolute or percent) as the outcome and group, age, and sex as the predictors/covariates. Statistical significance was defined as p value ≤0.003 after using the Bonferroni method to adjust for multiple comparisons. Data analyses used SAS 9.3 (SAS Institute, Cary NC). Table 1 shows subject characteristics for the NWR and OWR. A total of 16 NWR (7 females; age = 28.1 ± 1.1 years; BMI = 22.0 ± 0.4 kg/m 2 ) and 11 OWR (7 females; age = 32.0 ± 1.6 years; BMI = 30.5 ± 1.4 kg/m 2 ) participants were recruited. Although VO 2max was higher in the NWR than in the OWR groups relative to total body mass (56.1 ± 2.7 ml/kg/min vs. 42.5 ± 2.4 ml/kg/min, p = 0.0015), the VO 2max was not significantly different relative to lean mass (73.9 ± 2.4 ml/kg lean mass/min vs. 66.5 ± 1.1 ml/kg lean mass/min, p = 0.01). The maximum heart rate achieved during VO 2max testing was not different between the two groups. Table 1 compares the body composition between NWR and OWR participants before the run exposure. As expected, OWR participants had higher percent body fat (34.0% ± 3.1 vs. 19.4% ± 1.9, p = 0.001) and total fat mass (30.8 ± 3.3 kg vs. 12.0 ± 1.1 kg, p = 0.0002). The OWR participants had higher fat mass than the NWR participants in the arms, legs, trunk, abdominal subcutaneous, abdominal visceral, android, and gynoid regions (all p ≤ 0.003). Lean mass was not significantly different between the groups. Each participant ran for 90 min at 60% HRR under direct supervision. The mean 60% HRR was 135 ± 2 bpm. Table 2 shows the percent change in total and regional body fat pre-to post run in the overall group (n = 27) and separately in the NWR (n = 16) and OWR (n = 11) groups. The pre-to-post run change, as measured by percent fat change, did not differ significantly in the overall or specific groups in any compartment, even after adjusting for age and sex (all p values ≥ 0.003). Similar findings were noted for absolute change in fat mass pre-to-post run (Supplemental Table 1 ).
Results

Discussion
This study compares the effects of an exercise bout between OWR and NWR. The goal was to compare body composition between NWR and OWR before and after a run (90 min) at an intensity (60% HRR) emphasizing fat oxidation. The primary observation is that OWR have higher body fat in all measured regions (total, trunk, arm, leg, android, gynoid, subcutaneous, and visceral) than NWR. The secondary observation is the lack of statistically significant change in total fat mass or specific fat regions in response to a run at 60% HRR.
The concept of "fat and fit" has generated intense interest. Although fitness has a strong genetic component , exercise training has an established dose-response relationship with fitness (Church et al., 2007) . The benefits of high fitness include lower rates of mortality (Blair et al., 1996) and lower incidence of diabetes, even after adjusting for BMI (Carnethon et al., 2009; Chow et al., 2016) . This suggests that the benefits of exercise may be disassociated from weight. Indeed, exercise without dietary intervention produced only modest weight loss (<3% of initial body weight; Jakicic, 2009; Wing, 1999) and reduction in waist circumference independent of weight change (Church et al., 2009) .
By focusing on runners with BMI ≥25 kg/m 2 , our study extends the current literature. Although large cohort studies often use treadmill exercise testing results to identify participants in the "high" fitness category, "high" fitness is frequently defined in a rudimentary manner, such as the upper 30-40% of the population (Blair et al., 1996; Carnethon et al., 2003; Chow et al., 2015) . Exercise training studies of overweight/obese sedentary people allow direct assessment of the intervention. However, these training studies are generally short term (3-9 months) in duration (AbouAssi et al., 2015; Church et al., 2007; 2009; Dube et al., 2008; Wilmore et al., 1999) . These chronic training studies in sedentary participants have found reductions in abdominal visceral fat (Irwin et al., 2003; Wilmore et al., 1999) and waist circumference (Church et al., 2009; Wilmore et al., 1999) . Our study adds to the literature by focusing on well-trained overweight/obese persons capable of running for 90 min (mean VO 2max : 42.5 ± 8.0 ml/kg/min), whose fitness is well above post-training measures from overweight/obese sedentary participants (post-training VO 2max : 16-28 ml/kg/min) (AbouAssi et al., 2015; Church et al., 2007) . Our NWR had similar body fat (19.4 ± 1.9%) to reported literature (6-24%) (Malina, 2007) . In addition, we made the novel comparison with OWR who are capable of running for 90 min and still observed higher levels of fat in OWR in all DXA measured regions (total, trunk, arm, leg, android, gynoid, abdominal subcutaneous, and abdominal visceral) . Previous literature had also suggested this finding, although body fat was calculated from body anthropometric measures (Garrido-Chamorro, Sirvent-Belando, Gonzalez-Lorenzo, Martin-Carratala, & Roche, 2009) rather than DXA. Lean mass was similar between OWR and NWR.
Acute exercise increases lipolysis (Romijn et al., 1993) . Therefore, we examined whether DXA would detect shifts in fat mass at an exercise intensity that stimulates fat oxidation. Our interest was sparked by earlier observations that the lipolytic rate of abdominal fat was higher than gluteal fat (Arner, Kriegholm, Engfeldt, & Bolinder, 1990) and that participants with obesity have lower lipolytic response to acute exercise than their lean counterparts (Mittendorfer, Fields, & Klein, 2004) . As previously reported, the effect of acute exercise in altering fat mass, as measured by DXA, is modest (Hew-Butler et al., 2015; Mueller et al., 2013; Nana et al., 2013) . Similarly, we observed that body fat, as measured by percent change or absolute change, was not altered by a 90 min run at 60% HRR. We note that DXA may not be sufficiently sensitive to measure fat mass change from the exercise exposure. We estimate~1,000 kcal was burned from running at~60% VO 2max for 90 min. Since fat contains 9 kcals/gram, we estimate a potential loss of~110 g of fat from the energy deficit. This fat loss may not be detectable since repositioning can alter DXA measures by 1-3% and recent acute exercise can alter DXA measures by 10% (Nana et al., 2013) . Our findings suggest that future studies will likely need a longer running exposure and a larger sample size to detect body composition differences, as measured by DXA.
Our study has several implications. Runners with higher BMI also have higher body fat. This suggests that high fat states can be associated with fitness, as the VO 2max (ml/kg lean mass/min) was not significantly different between OWR and NWR. Since runners with BMI ≥25 kg/m 2 are not uncommon and represent approximately 25% of the running population under age 40 (Williams, 1997) , the relative dearth of studies in this population presents an opportunity to evaluate the metabolic implications of training. This is relevant as the benefits of metabolic health while accounting for BMI has been reported in several large, observational studies. In the National Health and Nutrition Examination Survey (NHANES) cohort, self-reported physical activity was associated with lower all-cause mortality independent of overweight/obesity status or duration of overweight/obesity (Dankel, Loenneke, & Loprinzi, 2016) . In Europe, it has been observed that "metabolically healthy" high BMI individuals had lower risk for cardiovascular events (HR~1.3) than their "metabolically unhealthy" counterparts (HR~2.3-2.5) and had higher risk than their "metabolically healthy" normal weight counterparts (HR = 1: referent), suggesting that "metabolically healthy obesity" is not necessarily a benign condition (Lassale et al., 2018) . Since high fitness is associated with health benefits even when adjusting for BMI (Blair et al., 1996; Carnethon et al., 2009; Chow et al., 2016) , the extent to which high fitness/physical activity can further enhance "metabolically healthy obesity" as characterized by metabolic syndrome components (Kramer, Zinman, & Retnakaran, 2013) remains unknown. Therefore, future studies in high BMI runners may provide insights into the effect of training on body fat deposition and adipose tissue metabolism. This would be relevant given the obesity epidemic and increasing recognition of physical activity in ameliorating many obesity-associated complications.
The primary strength of this study is its unique population, runners with high BMI. This population has higher fitness (AbouAssi et al., 2015; Church et al., 2007) than previously sedentary participants with BMI ≥25 kg/m 2 who received supervised aerobic training for 6-9 months. The primary limitation is the small size (n = 27) which limits sex-specific comparisons. This may be relevant as sex-specific differences in body composition within same-sport athletes have been described (Santos et al., 2014) and sex-specific differences in exercise-associated lipolysis have been observed (Horowitz & Klein, 2000; Mittendorfer et al., 2004) . We mitigated this limitation by performing within-subject comparison pre-post run and enrolling participants to minimize the differences in sex distribution between lean and runners with BMI ≥25 kg/m 2 . Another potential study limitation is the lack of quantification of running distance or calories burned during the exercise bout. The primary study focus, however, was maintaining the relative intensity of exercise for each individual (60% HRR for 90 min) and between the two groups.
Conclusion
Runners with BMI ≥25 kg/m 2 had higher body fat in all measured regions than runners with BMI< 25 kg/ m 2
. DXA could not demonstrate any acute changes in fat mass in runners after a prolonged run.
Summary
• Runners with high BMI ≥25 kg/m 2 had higher body fat in all measured regions than normal weight runners.
• DXA could not demonstrate any acute changes in overall fat mass in runners after a prolonged run, regardless of BMI status.
• A prolonged run did not demonstrate any region-specific changes in fat mass in runners, regardless of BMI status. 
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